Samples of sugar cane (Saccharum oflcinarum), cane juice, raw sugar and refinery samples were screened for osmophilic yeasts able to ferment sucrose. One of the isolates showed properties bordering on the original definition of an obligate osmophil. Therefore, diagnostic tests were adapted to fit ecological considerations. These modifications in technique were adopted for all isolates when it was found that more consistent results could thus be obtained. As a result of these tests relevant organisms were identified as Torulopsis apicola, T . globosa, T . lactis-condensi, T . bacillaris, Candida guilliermondii, Saccharomyces Jlorentinus and a new species, T . kestoni.
INTRODUCTION
It has been known for some years (Scam, 1951) that Saccharomyces rouzii and S. mellis, growing in impure concentrated sucrose solutions, will ferment any invert sugar present to form organic acids when the subsequent decrease in pH value allows a slow chemical inversion to follow. There was no detectable invertase production by normal diagnostic tests. Torulopsis species, growing more slowly, were also noted, but, under the conditions of test, did not appear to be biochemically active. Recently, however, an incident was reported of fermentation in a saturated sucrose solution containing no invert sugar and from it only torulopsis species were isolated. The following account describes the isolation and identification of osmophilic yeasts from this and other sources.
METHODS
Dejinition of concentration. Osmophilic yeasts grow in a highly selective medium. At very high concentrations of dissolved solids, the exact concentration is important and unless otherwise stated is defined here as " Brix. This is the weight of dissolved solids as yo of weight of solution determined at 20".
Bacteria will grow, albeit slowly, in solutions up to 40"Brix and yeasts and moulds up to 75-79" Brix. For convenience, osmophilic organisms are defined here as those which can grow at concentrations over 65" Rrix, which in pure sucrose solutions are conditions near to saturation (saturated sucrose solution at 20" = 66.7 "Brix).
Isolation, screening and storage. Plate cultures were made on osmophilic agar (Scam, 1959) and colonies picked off into filter-sterilized 20 yo (w/v) Wickerham (1951) . The fermentation tests were incubated for 3 weeks a t 27".
Subsequently modifications were made in the fermentation and carbon assimilation techniques by using 10 yo (w/v) of the appropriate sugar or carbon source, except for ethanol, inulin, succinic, lactic and citric acids which were tested a t normal strength and salicin at 1% and in saturated solution. Assimilation of soluble starch was tested by the plate auxanogram. Liquid assimilation media were prepared with Difco Yeast Nitrogen Base and carbon source at final strength, sterilized by filtration and dispensed aseptically as 5 ml. volumes into empty plugged sterile tubes. In the nitrogen assimilation test the Difco Yeast Carbon Base was re-inforced with extra glucose where necessary.
Inocula were taken from 72-hr slopes on osmophilic agar (incubated at 30°), washed and centrifuged in sterile Ringer's solution; one drop of washed suspension was used per tube. We noticed no loss of viability after this treatment.
RESULTS
One hundred isolates were examined. After screening tests and the elimination of obvious duplicates, the number of cultures was ten. For comparative purposes, a culture of Saccharornyces roumii, Boutroux (code Sa 24) isolated from a Mauritius raw sugar, was included in the examination. The ten species isolated fell into three genera which are considered separately.
Cultures T7A, T 8 , T 9 , T10, T I 1 and T I 2
Data for this series of isolates are summarized in Tables 1 and 2. In Culture T7A (isolated from a refinery sample) 10 yo sugar broths only gave a fermentation pattern corresponding to Torulopsis apicola Hajsig (1958) . From this aspect and its very poor growth on wort agar, it resembles the ' obligate osmophil ' of Kroemer & Krumbholtz (1931) ; but many osmophilic yeasts can be gradually accustomed to more standard conditions, so we do not consider this a difference of taxonomic significance. Assimilation of L-sorbose, xylose and adonitol were also positive at 10 yo concentration only.
Culture T 8 (isolated from raw, unrefined syrup) was a typical isolate of Torulopsis globosa (Olson & Hammer); but here again, fermentation tests gave more consistent results at the higher concentration.
The biochemical reactions of Culture T9 (isolated from the air) at first indicated a connexion with Torulopsis dattila; but this was discounted as our isolate was a very much smaller organism than the authentic strain from the Centraal Bureau voor Schimmelcultures, Delft, Holland (CBS) and differed in growing without added vitamins, and growing strongly with ethanol as carbon source. It is smaller than T. bacillaris and utilizes more carbon compounds in the full auxanogram. Any con- Osmophilic yeasts producing invertase 11 nexion with T . apicola can also be eliminated, since Culture T 9 ferments glucose and sucrose more quickly, with the additional fermentation of raffinose ; and again, it assimilates more compounds. We confirm the results of Dr W. Slooff (private communication), that the assimilation pattern resembles that of Candida guilliermondii, although more significant differences in fermentation become apparent when tested at 10 yo concentrations. Culture T9 may be related to C. guilliermondii, but it must be ascribed to Torulopsis as it is asporogenous, forms no pseudomycelium on potato or corn-meal agar slide-cultures, and does not split arbutin. It is also a point of difference that we found the assimilation tests on salicin and cellobiose were only -t In T11, 10 yo solutions only were tested, except where the lower concentrations were used as $ Growth at 3 7 ' positive on osmophilic agar only.
in ethanol, starch, etc. nt = not tested. (Kroemer & Krumbholtz) . The negative reaction with KNO, eliminated any relationship with T . Zactis-condensi ; the configuration of the organisms (singly and in pairs) in wort broth also eliminated the possibility of its being T . stellata which produces star-like clusters, or the variety T . stellata var. cambresieri which splits arbutin.
Omnophilie yeasts producing invertase
Cultures P 4 A and P 4 B Culture P4A was isolated from a West Indian sugar cane and Culture P 4 B from a South American cane juice. These two isolates were obviously identical and were identified as Candida guilliermondii (Cast.) Langeron et Guerra (Tables 1, 3) . Formation of pseudomycelium on potato agar was observed after 7 days at 2 7 ' , but sporulation was not seen on V8 and Gorodkowa agar slants or carrot plugs even when mixed with a possible mating strain (Kreger van Rij, 1964) . Culture P 4 B is similar to a strain described by Kreger van Rij which assimilated melibiose. Of interest is the very high osmotic tolerance of these strains, a further indication of the cosmopolitan distribution of this species.
Cultures Sa 2 4 and Sa 26
Culture Sa24 is a typical strain of Saccharomyces rouxii, but the fermentation of maltose was only definite in 10 % solutions. This observation is similar to that of Santa Maria (1964) with Spanish cane molasses.
Culture Sa26 was isolated from the air in a sugar factory and was identified as Saccharomyces Jlorentinus, Castelli. Small amounts of mycelium only were seen on potato agar slide cultures after 7 days incubation. Sporulation was not observed on VS or Gorodkowa agar or carrot plugs after 12 weeks at 27O. To our knowledge, this is the first time that this organism has been found in an osmophilic habitat. Barnett (1957) advocated the use of special biochemical tests for specific groups of yeasts, but the fat-splitting enzyme test used for the identification of Candida lipolytica shows that such an approach has been used for some time. The limitations of such tests are that often the media used are not sufficiently standard for biochemical use and merely form a medium for morphological observation, for example, Koji extract (Onishi, 1957) and honey agar (Lochead & Heron, 1929) ; malt extract can be included in media of this type. On the other hand, increased sugar concentrations can be used in more chemically defined media.
DISCUSSION
In identifying these highly osmophilic yeasts either by the standard methods or by using an increased sugar concentration as here, consideration must be made of the nature of the original microhabitat; simply to record growth on an increased con-
